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.[57] ABSTRACT 

A frdi np toe ptoj ecrjqn optical system fa provided, which 
can toc a beam spotting optical system ^rrrnllT In size A«i 
a. cocveanonal polarizing beam splitter; can sol a k»jg 
<*rrtfleal path Hum a concave reflecting mirror to an image 
plane, allows easy adjustment of the optical system, and has 
OTOcllgiitiniagatgpBcfonaanco fiom an object 

surface bests antst hltenttcdaate imago through a refcicang 
lens group. A. light beam from the TiXSt jntcnn cn^ans image 
passes through a polarizing beam spKtter and is reflected by 
a concave ycflr x rm g muxct to form a s eco nd intermediate 
image in the polaxrang beam splitter, A light beam from the 
second intermediate image £s reflected by the polarizing 
beam splitter means to form a final imago an the imageplane 
via a refracting fcns group* The pnTa^Tf.ToB hram splitter 
mij^* is ar range d near the p ositions at which the intcrme- 
rfjjjite n oa^ ss are fisrmcd^ 

14 Claims, 13 Drawing Sheets 
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1 2 

C^JADIOPTRIC SEDUCTION PROJECTION a light beam near me optical axis is d isdos ed in, e*g, f U.S, 

OPTICAL SYSTEM AND EXPOSURE Pal- Nbs. 4*953,960, 5,320,454, 5,089,913, or 5,402^7. 

APPARATUS HAVING THE SAME # SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 5 n» present invrutioo has as fis object to provide a 

camdioptrie re duct i o n prr^ecunn op tic a l system which, can 
use a beam splitting optical system smaller m sec than a 



1* Held of the Xoveutioa 



The present invention relates 10 a catrfiopttic rsSuctioa conventional polarizing beam splitter, can set a long optical 
optical system suitably applied to a projection optical system • f Com a concave teflccting mirror to the image plane, can 
for redaction projeerion in a projection axposnre apparatus M acjost the optical system, and has m^H * ^ imaging 

of a Ouc-sbOl closure method or a scanning exposure ptsformakec. 

meibod, Used to maxmgicrign a ^mfrnndTTrror element or a . ^ ^ f fc invention to provide a 

Hn^crystaldispkyd ca S ( S ? SSS 

^W*«f^ "^h^SK reduce ti»sto of a beam s^n^ opdeal system such as a 
optical system having a magmficabnn ^ u polarities beam splitter and stulhw aspa^v^nch an 

with a resoknen on die subuocron order m the ultmvmlet f^^^^vH^i 

wavelength range. ft is stifl another obiect of the present invenn^ to provide 

2. Related iJacirground Art R catadioptric rednction pcoiccnon optical system wfcica. 

la fabricating sermeondnctor devices oc liquid crystal 1]3Z ^ a compact beam spKttmg optical system and can be 

oasplay devices, etc* by po^^ 20 ajpfied to a projection Optical apparatus of tbe scuming 

jeetion exposure app HRftis . is used for demagmfymg through eaposure scheme. 

a projection optical system a pattern im*^0u a reticle > (or ^ „ Mrtl>ptric redaction projection optical system can 
photomask; etc,) fbrcxarnplc at ant* of about 1/4 to 1/5 to . to * pxofeqtw,, <cceosure apparatn* of ascarmmg 

ern^csmesanroftheun^ azr^nomemod^b^ed on useof a compact besams^rm^ 

coated with a photoresist and the like. means Sinn as a polarizing beam spiiner and the nice. 

TOth the recent increase in the integration degree of Besides a projection exposure apparatus of a onCnSoot capo- 
semiconductor dements and the Kfcn, a higher resolution is ujemod, the cuiadipptcw tedwrtjon projection optical 
icqmrcd far a proge^mon Optical system used in a projection system can be also applied to a recent apparatus employing 
exposure apparatus. In order to meet this requirement* the ^ f scanning mrthnA <mch «a the sKt smn method or 
wavelength cf iQnmmaticn right (cJtposure wavelength) for the stcp-ROd-scan method, etc. &r chTcc^ng exposure while 
exposure mnstbe shortened, or the rmmerical aperture (NA) lelanVery a reticle and a wafer to a projection 
of the projection optical system must bo increased* If, optical sy st e m , 

howcvT^Otcc^Siirowaveki^ To -uiievctte above objects, as shown htHGS, land 2, 

optical glass which can bo radm practice are hmtod ^ u - t0 j ect i fm exposure apparatus of the present invention 
because of the absorption of uTmnjnatnn fight, mparts ra mp- ifr* at least a wafer stage 3 being movable and 

as the exposure wavclcngm becomes 300 nm or less, only aDowing photosensitive substrate W to be add on a main 
syiitheteonarteandiuiru^ rh^.nf M an fflummatmn optical system X fttf ciofttmg 

miirrriah exposure light of ^predetepatmed wavelength and transfer- 

V» difference between the Abbe rnmrantt of the syn- ^ A predetermined pattern of a mask (reticle R) onto the 
thetic quartz and the finoritn is not large enough to correct s nfr^ pwg- W t and a catablcptrm re du c t io n projection optical 
ehmmatie abenratiaiL For (ms reason, if the exposure wave- system 5 provided oetwecu a first surface PI on wiudi the 
length becomes 300 am or less, and a projection optkal jnaskR is disposed and a second surrace P2 on which a 
system is instituted by only a refracting optical system, surface of tiro substrate Wiscorrespordc6%&ruiojecxuctgan 
cfcromatic aberwtiort enn rrr^n is very difficult to perform. ^ image of cho partem of thecoasIcR onm thesiasstramW.Tlte 
In TxtrKKr^ since gun rile undergoes a considerable change flWrnVuffan optical system 1 actedes an alignment optical 
in renxactrv^ with a cnangC in ternperatnre, L&, has system HQ fox adjusting a relative positions between the 
2Qor temr^ramra ciiaracterrstics, and involves many ptob- misY R and the substrate W, and the mask R is dispo sed cu 
lems in a kns polismng; process, fluoritc cannot be Used for t rencle stage 2 whicfi is movabk in paraCtl with respect m 
many portions. It is, thcte&re, very dimcutt to »rm a ^ the mam surface of the wafer stage 3. The <$atacmptcc 
■ projection optical system having a required so lut i on by reduction projection optical system has a space permitting 
using only a refracting system. an aperture stop 6 ta be set aerein. The sensitive substrate 

In contrast to this, anempts have been made Co finrn a W compnSeS a wafer 8 such as a silicon wafer or a glass 
mniecnon optical system by using only a reflecting system. plate, eux, and a photosensitive material 7 such as a pho to- 

however tneprojc^ ss resist and me like coating a surface of the wafer 8. 

m sire and xequhxs asp oeruml In parnculac; the catadiop trie reductioa ijcojectton op tial 

HrffiaiTt to mannfeenire large, m'gjh^tedsinn, aspherical system, as shown in FIGS. 3 and 4> mchides at least a first 
amfrica, ^ anagmg optical system having a foal length & (refracting 

Under the drgargtanccS. various tedminues have been tens group G^fJ) having arasn^refactrToyiw^ 
pressed to fom arable^ « jrmning a ^ irAcroae^aie image ^ 

u^7sc-<alled rniarHoptric optical system cOustiiuted by the pattern 00 the object plane PI, beam splitt^ means 10 
a combination of i reflecting system and a mrractxng system fcr spiting at least part of a Eght beam from the first 
consisting of oprfeu^as^ op b^ system, a second WWPM ^ 

waviSh to be used. As an cample, a reduction projec- havmg a meal length i* (oatadwptac tas group G£j) 
tion exDosure apuarato frying; a catarHoptrk projection SS including a concave, reflecting mirror M x mr reflectng a 
opticalsFstem having a beam splitter constiiiiled by a cubic • light beam split by the beam spnttog means, and for 
prism and serving to project a reticle image entirely by using forming a second mtctmemate image 12 as an image oE the 
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^S^SSta?^/^ " y=1 ° m - WhfcS b " i "^ l, » ^ gaup-G^a^a Egbi beam reflected tbaxet^oro 

™T F " . . ^ po laorfTi g beam splitter XO to be gtiidcd to the 
Since the first ggagmg optical system GaCfQ forms a first gnbacqocat optical System. Id addition, the polacfcang beam 
reduced mrcrmrdi atc imago in an optical path from the • splitter 10 aft arranged neirthepcsiHanwWi the light beam 
imago plana PI to the eppcavo rr.fl ixn'ng mirror M x (or Ma). lO is focused as tha second mtermediaie ftnagoUaeartheJIiat 
the boun splitting means can exactly carry out the splitting fnrKgnrfKate tmagp J> is formed i_a„ tha pornoq w^n. ^ 

of a hgftt beam from the first imagfn g optical system G i (C 1 > light benms is. xnteirsrvrsly foeii*«=d. TbtitiW, cbo poInr£dn K 

Smca the s eco nd f m agm g optical system Ga.CE,> forme * beam sputter XO can be reduced m size, la addition, the 

scoo r tij intermediate image izx an optical path from the blanket wafer exposure scheme <~»n be employed nnT,^ a 

crmcave rendering mirror M, Cor M,) to the third inu^ sp^ c-d lrd i-mg field optical system for Gcposiug only an 

optical system G^COl a OTnaQ cr beam irolimng m«^n n can be unnhr zooe by usmg off-azs bocn. 

Used fo the eaiadfopcrXc reduction optical system of .the « Addition, by using a light beam from the second 

present invention. Additiona lly, as shown in PIGS- 3 and 4* inte rmedi ate imago la, an imago can be formed again on the 

. the sec ond imaging optical system G^) can be used the eeeend mrfnm F3 by the thiol 3™^%^ optical system 

concave reflecting miuiur hd 4 so that the mirror sand- *° Crefracdns group G^f*)). this reason, the wodnng 

wiches the beam spHtter XO with the first hnasdng optical dftttannn from, o.g^ a wafer placed on the second surface Bo 

- 3 yMtft ° 1 G i< f a) ***** cm be ii B ed the concave ndtefog the third hmghg optical system C^attO} can he set to be 

mnxnr h£» so that the rmrarx Mj sandwiches the heaxn bag. In a drtftfo n, since an aperture stop <S f=r- be easil y 

spUtxer Xu with the third jmnging optical system G^). arranged m the third imaging optical system CGaC^a))- the 

j£ me beam splitting moans is a r" 10 " type beam sputter 25 cohcxens factor C« value) as the ratio fcefwcaa the 

XO. at l e a st one of the first and mPetmcdiatc images epertnro of the flhnnanadon optical system, and tha t of the 

* 9, 33 £s preferably frernrd in the prism type beam splitter. projection optical system can be controlled m a wide range, 

If ihofaeam splitting means is aoartialiTdlcctmff mitrorXi thereby controging the. im a gin g cfa ara cx c rfsticau 

for paxnaHy rcUcdrng a Kjrfit beam from the first mixgjng TheoretAca^y, die ^nambec of lenses of the third imaging 

optical syswm^SSDngSns groupC^eSS 30 Cf^O* ^ b " ^T^? innmtely. For this 

FIG- S. the second^tex^ediairtoig^ fla ^xTprnfcrabS tBSaOT - *» rsnncrical^crmxe (NA^ projection optical 

formed in an optical path form ihefirst imagmglapncul JSratemcan^in^^ 

system to the concave reflecting mirror Hd- of the secood be Obtained. 

magiog optical system 3t ,h ^ i^r^H at the^nj5=rro reflect- ♦ to * general reflecting optical system, an optical paj^ must 

ing zmzror side of the narhal reiteetms mhror X3. In oth^ 33 ^^T 9 ^ dftflftChsd at a given position, fo the optical syrrtirm. 

words, the ioieaneSatB image 12nfijnned behroe^ Tlqe precision m derrnmrrfng the optical axis at the de fl ec ted 

concave reflecting mirror M, and the -carnal ttflccrimr porixoa is strict, posing scrions prohlems in the mamiCvctziiti 

nturnr 13 o* the optical system. In the present hxvent&m, how e ver ; if. 

' ing beam splitter XO, demurring of an optical system 

^tiH>0 • constituted by the first and sec ond imaging optical systems 

CGaC^O-'GaffaJ) and decenteriog of cb^ third irixagnig opucal 

■P*** 1 CO system C G ^> can be independently ndjnslcd. TherexEtexv a 

IfH'At'jU'O^ <S) sLrnjCtUtT= for oombfning the two op t i ca l systems at a rfg^« 

t ^ angle can be employed* Therefore, decentering adjustment 

where n^.n^ and ow. aro thePetxvalsmnsofT the that hnag fag and the Kb am theornticaTty ftcjljfatiffd. 

optical System Crefoactms lens group G 4 <fji>, the With, regard to the point, arrordmg to the present 

imaging optical system (carad^cptrao lens group 2nd mvenrion, since the polarizing beam splitter XO is arranged 

the third imaging optical system (refracting has utmi p so near the first intermediate imago 9 or the geeond inteoae^ 

■*,», respectively. diate image XZ having a relatively low decentering 

. the following relahons are preferably sahs- sensidvity, even if decentering ocean in ceflceting the 

optical path, the annhence etf rf^^^^ « >ifc^?Ttg en the op tical 



OlSfajSi W S3 In addihon, as shown xh FIGS. 3 and 4> «v« a if. for 

ttJrgfftjjSO fS) tzamplo, s wafer w is horncOotally pl a ced on the second 

surface P2, sines, for example, a reticlo an the firm, suefaee 

QJZSiS&LjZHS C«> PX and the first imaging op deal system <Ga<fJi) can be 

iPi-Pa-Pj^ CD horizontally arranged, the overall projection optical system 

so can be set to be lower in height than a cntxveutlanal 

where 0 X « the trag a Moat-in n between the pattern of the first "projection optical system cons dinted by a refracting lens 

surfa c e a nd t he first intermediate image, « the magmfU system. That is, the vertical dimension can be reduced. In 

cation between the first intermediate image and the second other words, there is a good vertical dimension margin, 

interme diate i mage, and £3 is me tnagniflcation betweea the the optical system can he arranged with a good ^atg^. 
second inte r me dia t e image and the third intermediate image. AS In order to reduce the light less in the pa ladling 

Accmdmg to the Cata dioptric re du c ti on projection optical beam apG tier 10, it ss preferable chat a prism type beam 

system of the present invention, when the polamahg beam splitter 10 be used as a polarizing beam splitter, and a V4 



_ _ _ ■ optical system, for example, a maxi- 

mum, field angle af abcatt 7S>" ox uxure is requized to split the 
op tical path- In contrast to tms, a Ught beam on the 

mii ma m the p t cscn t invention exhfbdts a field angle of about 
.10", and hence aberration correction is fariTiMtrd, 

A. !^n-mT1rrt ring field opdeal s ystem is known as a 
pr o ftwition optical system for the scanning e xposur e method, 
and the ring field optical system is constructed to iTTTrmTnTitn 
only an nS-^ods anrnifar portion. It is, however, i» for 

the ring held opdeal system to have a large numerical 
aperture, b ecau s e it uses an ant-axis beam. Further, because 
optical members in that system are not Aymuiotrf c with 
resp ect to tho optical axes, processing, inspection, and 
adjustment of the frp yfr^T Y *'"- rT " i>,T *-' r ^ are diffimil t, andacenxacy 
control or accuracy mafntcnanrrt is also In contrast 

with it, because the angle of view £s cot large in the present . 
anvenrJon, the optical system, is «-^^-^r-rr<-»<^< £ja a strr" "t 
with less «-*-Wp^ of v>»*^tti. 

ht the present hayermnn, in order to impn ave the perfotw 
mance of an optical systexrc" the Petzval sum of the overall 
opt ical -^p**""* rrnvKT be set to be "^^r O. For this purpose, 
mescalines (X) to C 3 ) above are preferably satisfied. 

By satisfying inecnarmes (X> to (3} above, the enrvarnre 
of field, which is associated with the optical performance, is 
suppressed tn impro ve the flatness of the image plane. The 
image plane £» c ur ved toward tho' object plane PX in a 
concave form beyond the upper of aseonaliry 00 

(Fa+Pa-tps^OtX), and isourved toward the object plane FX in 
a convex form below the lower of inequality £3) 

(p 1 -*Pa"*^s2 —OJiy, As a result, tha i magin g performance 
considerably deteriorates. 

When part of an oh?-*ads imaging light beam is to be used, 
i.c. ring field filnrnhmtlon is to be performed, the Fctzval 



only. 



•sycipv. of tho invention wuX 

" cart from this detailed de 



BRIEF DESCRIPTION OF TEE DRAWIKGa 
FIG. X is a structural drawing 



a a> aj«iT a ms of a one~sbnt csrpos nm method, 

FIG. 2 is a structural drawing to show 
apparatus of a scannin g exposure methods 

FIG. » zs an optical path diagram showing the schematic 
a m nge mee t of a ea radi Oy t » " io rethi t* - K e n projoetion op chad 
system a ec n reH ng to ***** - rt ^ g* q oi bodinaenjt of the pr e sent 

FIG. 4 hi an optical path 



FIGS. 3 to 7 are views showing the schematic 

arraw g ^rrt^nf^ the espOSUrft field, and of the •q^-*7fyl 

far? # tim^n t of tho pr esen t mvenrion; 

FIGS. 8 to 10 arc views showing the schematic 
arrangement, the exposur e field, and the like of tho third 
embodmxenl of the present inve ntio n; 

FIG. XX is an optical path diagram showing a projection 
optical, system it7 "g to the first embodiment of the 

pii^cnt hoventxont 

FIGS. X2 to XS and US(a) to X are aberration charts in 
the fust embodiment of FIG. IX; 

FIG. 17 is an optical path diagram showing a projection 
optical -i yji f -' TT j ifftyH frtg to frft^ second cmbodjrnem of the 
present mvenrion; 

FIGS. IS to 21 and 22(a) to 22(c) am aberration charts in 
the second embodiment of FIG. XT; 
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a projection 
[eat of the 



HG. 23 b an gp deal path diagram , 
optical system aceardwg to the ifaird 
present xavcntxoc; 

t K^ 24 to27 <<9 « *etmrion chaxo in 

the thud cmbodimeat of HG« 23; and 

HG. 28 shews a schematic structure of an exrosure 
apparatus of a one-shot method using a catai&nh^ reduc- 
tion projects* optical system acemdmg to L present 

DETAILED DESOUPnON OF THE 



8 



20 



J^uxous emboAments of toe cniadrr^rric tedifclfon pro. 
^cnoptrcalsystem according to ttepresemixventiwiwai 
be described with, reference to the drawings, to the 
^arnplca, the optical system is applied to the project^ 
■ system in the projection exposure appiaL for 

projetfirig a reduced image of patterns of reticle onto * wafer 
cnated by a photoresist, using a. One-shot exposure method 
oirjiscaomng exposme method, HG- X ahow$ a basic 
structure erf ! the ctposure apparatus using aone^hoi expo, 
sure method. As shown m FIG. 1, an exposure appar^rns 
comprises at least a movable wafeMrage 3 allowing a 
T^tesensitTOsr^ 

thereof; an ffliiTfiinafinn optical system 1 for emi^ g f ~ 
****** Sff * PP ! <3ctorrn5Qcd wavelength and t r***™™ ^ 
pitalctermrncd pattern of a mask; (reticle R) onto the sab- 
sfrate "Wi a light source 100 for supplying an exposure Eght 
to the ittm«^ optica 

jrojecrrnn optical system 5 provided between a first sextans: " 
Ft (object plane) on winch, the mask R is disposed and a 
second sux&ce « (image plane) to which a sarrace of the 
snostrate W is corresponded, for projecting an image of the 
pattern of the rraskR onto the substrate Vf. Th* fl^w ^ 
opbol system 1 includes an aKgrrmcnt optical system UO 
fee adjustmg a relative positions between the maakR and the 
wgcr W» and the mask R is disposed on -a reticle stage 2 
winch is movable in parallel with respect to the main surface 

OX the Wlfisfstaml AnihVI.MMk. » . 



to the sarfiice 52 of the nmfer WaodLiinchnliid m the _ hV t. 
i compute system contofa tte tsbt saiiwOOOltb^^ 

wfl thB wafer stags control system 300 and, rb^ta* 

hvo poston between an fflmnmufoa n^DoaS^R 
anfl la cxposirc rcg»a on the wafer W 
M -Ho teciinSquca teeing to „ coosni: appjrains of the 
present mvwtiou an described, ffir scampfcvniU.S.satent 
apphcjno^ Sec No 255,927, Nb. 2OT.3SS, No. 2S«q£ 
US Pat No. 4,497,015, No. 4,6^73. No. No. 

« tho Eke Tie reference of V.S. paint application Set. 
255,927 teadte ^ illnWfion ipSe-a,^ (uW?k£ 
mwm) applied to a scan type oposura a™^. tj- 
tefcrenee of U4. patent appHearfen Set No. 26039a 
tta^anfflinniMMnQptietf^ 
applied to 9, son type czposne apparatus. The refereaee of 
VS. patent appHcatfon Set No. 299,305 teaches an alftm. 

sttBs-Tte te&reaee o£ Pat. No. 4,497,Q^i5ta 
tDnnimican opbal system (usiog a laop source) »ppiicd ro . 
a scan type exposure apparatus. The reference of US. Vat. 
No. 4,fi6^273 teaches a sep-aod repeat type czposara 
apparalns capable of ns£ng the c^tadioptti pnj] ection optieal 
system of the present inraujon. The reference of U.S. Pat. 
No. 5494^893 teaches an iTW^^.^^, ogfcd g *gj^. m 
iUwinination region, mask-side and reticle-side 



~ ^ "» ay^WBIy a HgnmfTlt. OptZCal 

system, or me like, lbs reference of VS. PaL No. 5,253^X0 
teaches an fflnTmnatfon optical system (using closer wurce) 
applied to a step-and-repeal typo exposure aj^jarams, lie 
HO reference can be applied to a scan type exposure 
apparatus. The reference of US. PaL No. 5333.035 teaches 
an at^Eciribn of an iTTnTnTrwiion optical system appHcd to 
an e ypo si r re apparatus. The refcrenco of U, S. Pat, No, 



—7 — ' ^r^«^»"^*wt«»*«Hicnxarnsari2ce • — — ~ ~i***ku> agpup 

af the wafasfc^ 3. Arctic^ exim^ an ctposino apparatus. Ihe reference of U, S- Pat. 

and^^ aro tfVde(niaslcR)to S^GSflSl teaches a arn^-jfecusmg system apphed to an 

2. The reticle exchange system 2GO includes a stage drrver exposure arniaratas. The- rermnca nf T7.<5 
lor rnovmg the reticle stage 2 in parallel with respect to the 
mam surface 3d of the water stage 3. The catacoor^ric 
redrtcQon projection optical system 5 ^ a space pitting: a* 
aa apernrd fStcp fi to be set tr^rein. Otto scrcirive snbatrare 
W conniriscs a wafci: 8 such as a silicc* wafc or a riase 
plato,eic^andaiAotnsci^^ material 7 sudi as a photo- 
resBtortheliTacoatrruxisiir^ 



stago 3 is moved in parallel witti respect 10 a object plane PX SO ficnacn. 
by asraeecoxicrrdsvstemSlin p^h^w „-5T!L_i u ™ cn - 



by 4 stage control system 

section 4W such as a campnicr system contruh tbe right 
1 W * reticlc cschange System TOO, the stage 
control system 300 or the like, too exposure apparatus can 
perform a harmonious action as a whole. 

FIG. 2 shows the basic striictrt^ apparatus 
Using a scarroing exposure method. In FIG. 3, the exposure 
apparatus »ko ennrpdses a wafer stage 3, a reticle stage 2, 
an flknnmrion optical system I, and a caradioptnc reduc- 



estposure apparatus. The reterence of U-S. Pat No. 5,379, 
091 teaches an flhimimffng optical system (using a laser 
source) appned to a scan tyj^ exposure apparaius. 

Next, as described above, the optical system is ajjphed to 
projection exposure apparatuses of a one-shot exposure 
method and a scanning crposuxe method, which are 
designed to project an image of a juttcm on a rcacio onto a 
wafer coated with a piiotoresist at a predetermined rnagrn- 



"Wittl regard to the lens armngemcut in of ^ 
iOHowing trrJjodrrncnts, for example, as shown in FIG. U, 
flat virtual planes (e^. ? a plane 1^ are r^spcenvery used as 
the reficebng surface (tjj and i mcmr surface □£ a canave 
33 reflecting mirror M A . tn order to express fee shap es of lenses 
and the distances therebetween, the pattern' sorfacc of a 
retide R is assumed to be the Oth plane, and ^i r b of the 
planes rhrough which light emerging trom the retide R 
h«« ' J T 7 ZT — r** 1 .^ passcs-until it reaches a wafer Wis sequentially assumed to 

ton o^m^^^ iibaA^o^ « be the ith plane 2, . . . ), whereas the positive dm of 
^V^^^^^J^^ 30 ^ 10 ^^ fcrac^ofcur^turVr^ 

S?^^^^ £ ?™ t£on ^ ^ "*P*« ">^Sgbt beam fram the reticle R. S 

being a predetermined shaped. The caUdraptric reduction addition, the plane ^stance between the fth plane and t£ 

nSS^f rS^- ^"If 1 ^ of 4 <^l)«i Ptme is represented by d,. SiO, rcpLents fee^ 

cT^f^f ^ ° a ^ 10 an aposure region ss qua^asaglassm^eriaLTue^ 

5Bb ^ ) - ^ ^ sa « c index with respect to the™ re^cTwa^ 

control system 210 can move the ^ length (153 nm> t^nmce wave 
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i^i^if^ a cnnove ai^» Facing fee c*dde]Ta 
p^tocflttaBcns lens L„ having * concave suxracc 
fci^&iiugatro meniscus fens 1^ hav4m^S 
surface fecms tbc icticte R, a convex!^ 7* 
**^knsl^liavii^ 

R. a posurve m*mscns to having , convex surfcce 
facing the xctcte Rwanda negative mermen* lens 
a convex surface lacing the mine R. a 



refractive index Of msed quartz: 1-S610 
Erst Embodiment 

The fiat embndhncnt is a projection optical system snit- 
able to a pmjectmn optical appar&tts (c&, a stepper) of a 
ciw-sho* exposure method and having a magnification of 

3 and 4 show the overall arrangement of the flist 
Mbcdiment Referring to FIGS. 3 and 4, a reticle R (sec 

^) 011 which a patteq to be transferred is drawn is ' , a cwvw annaae taang Hie reticle R. -* 
placed on an object plane PI, and a wafer W (soe na 11) io : .-1^= aperture sty fob arranged at the Fomier transform 
coi*d with a photoresfei is placed on an imago piano P2. m t ^ jttfiacrfng lens group Gjfly, i.*^ between the 

™ R on the object plane PI is Shmmiaiea^wuU ,l " 1 v " ~ 

exposure ifomtmaticah^ ftorn the hgrit source 100 of me 
iUttnxinatuja optical System 1, and a light beam passing 
through the reticle R terms a first frtamediata nna# ; 3 via is 
a rc&acttng lens group G 2 as a focusing fens group having 
a focal length f ± . AEght beam from the first intermediate 
imago 9 is incident on a polarizing beam splitter (PBS) 10 

SMAteKu^., ^PoU^mgbcam -diaomoa arc eomcta! io attain tn^t iCSfe* 

^?5S^rfS ^ t~ «. -» ruH u«d m thfi firs embodiment sho^in HgTiI ^ 

Most OC tte s-pobnzsd light bam finis tbe second shown mTafcJe 1. In Tibia L the 29th and 34th t,1m«* =rZ 

lencctmg sodacc lOn to forma reduced imam of the ieticte tfw mn^ w 



ZZZZiZZ t ' ^ ^7 VaJKiJ- between the 

eauvcx lens t, 7 and the convex lens The aperture stop 
60 k arranged at Koimer transfbrmplaae in the infracting 
lens group <y£^ lc-, near the reticle-side surface of the 
negative meniscus lens L37, 

The rebecon ratio of the overall system is Iftx, the 
nnmonca l aperture (MA) on the wafer side finaajte jaoVk is 
05. and the object height b 60 mm. ' 
^OnetypeofOpacalgla^ 

fcr an tteie&aoanglenaes. The system is corrected fataaal 

CUOmatic abcrrnhnn anf} fnr i>(imm4i« ^t. ■ k? f ... 



reflecting ggtacs Xflg lo forma reduced image of the reticle 
pattern onto the water W on the image piano Pi via a 
rcfoctiug Jens group G 3 as a fecusmg kns giotm havwg a 
Focal length fj- In addition, an aperture stop 6Vr is arranged 
nearthc pupil plane of ihcitfiactmgleu^ffottp^^abqg; as 
" an optical axfeAXa of the remtcthig lens group and 
an aperture stop 6b is arranged near the pupal plane of the 
retracting Icnsaroup along an op ticalamsAX,cfme 
icfiac&xxg lens group Gj(fj), 

la tins embodiment, since the seccmd 'irtterrncdiate image 40 
12 is formed to bo doser to thoconcave reflecting rnaroc Mi 
than the p oh fm ng/refloctiflg soxiaco Wo* the j^^r^g 
beam splitter 10, in partfculac, can be reduced in size, 
HC 11 shows the detailed lens arrangement m tfce firs t 
mboolmeutofHG.3^G.^TneVipUtenmPia 45 
xs omitted fiein me arrangement sbown in FIG. H. 

As shown ?i FIG. IX the zntmctrng lens 'group G Z (Q is 
OCiOhiltdbyinthe j^Eowing order &om the reticle side: a 
JWgaavo m emscus lens having a convex surface feeing 
the rcncJc R, a negative meniscus lens Lj^ having a concave jn 
surtace facing the reticle R, a biconvex lens (to be simply 
xcierred to a^ 1 convex lem5 hcxeinafter) a convex lens 
Xa<> * negative meniscus lens l^j having a convex surtace 
facing the reticle R, a Mgattve menisens IcoS having a 
concave; surface feeing the reticle R, a convex kns 1^ a 53 
convex lens L^, a convex lens a biconcave jcas (to be 
stmnly referred to as a concave lens hereinafter) L^, a 
convex lens and a convex lens Hie catadicptric 
lens group G^Q is constituted by a ncganve merasens lens 
Lse having a concave surface racing the reticle R and the A 
concave reflecting minor Mj. 

the refracting lens group G,(£) is cnnsn*tttlcd by a 
convex leas L^, a positive meniscus kas having a 
convex snrfte racing t^ 

10), a negative meniscus lens 1^ having a convex surtace « 
racing the reticle R, a convex lens a convex lens a 
convex lens L,* a negative meniscus lens 1^. having a 



the concave reflecting mirror M 4 and the Tj^TajT fng beam 
splitter 10. 
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PIGS. 12 to 14 respectively show fangjhdihal abezrutiGn 
charts in the first embodiment; PIG. 12 shovirs a spherical 
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U 12 

tottoci erf tte^bodxhi^FIG .13 shows an astfgma- projected onto 4 bax^haped exposure region 24 0 n tn* 
Usm of ^ernrxxfrr^t; and FIG» 14 show* * distortion of ' waferW, wto&^^S£SSu IcEr^a^^ 
itocmbodimeniL tfirther, FIG. 05 shows a magmnc^oa Therefore, m c^bcrTcx*^ Ef^f*" 

first G^fament. In tost ajxrruhon chaos, reference wilh me downward (iipwar^ sca^ ofttie 
symbols J P, and Q resp«*vcly denote ebamcterbri; carves vdodty V* in FIG, S^midJ^Z wgmficXi o fl^ 
at tho used reference wavelength (193 nm), 192^ iim, and overall system is rnprSatedby 0. 
Jr 11 ?*^ . A _ , . . In (ha cmbcmmcnL ame the ffigmd mternicdi ate imagg 

Tbc neigjit of the urojcctirra optical system of this 10 12 is mrmcd at the concave rejecting mirror side cTure 
ea ^? 1 ^^ in i 1 ? y 4totenniKd te refracting kns partial minor 13 and & located bctw^ the coiicavc reflca- 
F™P °J<4> The height of the rermctmglerri group G^y iqg c&xror M, and the partial rmrroc 13. the moiection 
I L™ * ^J*? ^ebeisht of this system optolsystcmcanbe reduced insizem the ^rtical&ectiQn 

is about 1/2 that of a projection opucalsysieni constituted by mpaitictu>t, 

* < f II ^ I1I ^^ fcl ^«3^tcm- 15 Hfl. 17 shows Icm , mngement m the -ccond 

In this embodiment, as shown m HG. 3, cf &e right fern embodiment, — a^mmcwajM 
to refracting kns gonp G^ffiX* right beam which fis As shown in HG. 17. Che rexiarfmg lens group CLftVis 
t^nsniiaedlto^ me polarxzmg beam splitter 10 is guided constituted by in the mllowmg order fiom the reticle site x 
to the cdA»tt ilex* group G,(0, As shown m FIG. 4, positive meroscus kns 1^ hTvixg a convex sS S 
^° m ^ G S*°*P 20 the reticle R, a negative meniscus leas having a conrcl 

a Lght beam winch is reflected by tfa= pml a rHng beam sm&ce racing the reticle R, a negatrvelncxn^ lens t_ 
£! 7 n£ to the catim^ptyic lens group having a concave sur&ce radng the reticle- R, a positive 

GJ& me W plate ILInlhfecwwthehght beam meniscus kns having a concave suxrncTriciez the 
reflected^ the concave refleclmg mirror ^ m die cata- retidc R, a convex lens a positive awrxacnslcos 
SS^f lc °tF^ 15 converted into a p^otaxd 25 having a concave surface firing the reticle IL a neganve 

fight beam by the V* plate JUL to form the seeerri intermc- w r w ^^n £ a ^ 

d^ snap 33 a the polariang beam splitter 10, Aflcr most R, a negative memscus lens having n cotcSvc snzracc 
of the hght beam trom the sce nnd imerm rdfim imago 12 is feeing the reticle a convex fcns I^, approve memsens 
transmm^ddmraghttepo^ ]ons having a concave snrracc fzcing the rnnrne R, a 

li^ forms a retide partem image on the water W via the 30 positive mfaiisois lens L^j haymg x txmemm «niff»^ fanm* 
tetr^g lens group G a (r^), the reticle R» a convex lens a negative meniscus lens 

^ecoiid Embodiment havmg acmicavesiirto 

The seeond embodiment is a projection optical system memsens lens having a concave Borneo feein g the 
suitable for a projection optical apparatns based on the reticle R, and a positive meniscus tesL^havmg a convex 
seMmng exposure scheme and having n magnifiraffftn Of 35 surrace radng the reticle R_ The catamoptrie tens group 
_ Gj(Q is consMiied by a negative mcrrisc^ hAVing 

HG. 5 shows the overall arrangement of the second a concave surface gaemg the reticle R and the concave 
e mbn f ffm ent Rr . frTm'ng to HG* $, a reticle R is placed on an reflecting minor 

object plane Pl,and a watoWh placed on an image plane Arcfactmgleasgrenp isconsn^nu^t^ aconvex 
«• HG. 6 is a piano view showing the reticle R when *Q lens H^. a convex lens a negative memsens' lens U* 
vttwed m direcriOT of arer^crmg fcns group in having a convex surface ttom g the re tide H (paitial rmW 
gIG. 3. In ttns case, a bat-shaped nomin a tion regmn2Z, on a posidve meniscus lens havmg a concave surrace 

the rehcleKwhich is slightly onsctfiom the optical axis of racing the reticle R, a convex lens L^, a positive njsascag 
the projection optical system is iHnmmatBd with ilmmma- lens L*, having a convex surrace the reticle R. a 

Bortl^bfitim me right source 100 of the fflnimwtwn 45 negatrvemeaisens lens ^ having a cow^ve sur&cc mcing 
° P S C ? S ^ €m1 ' therctmkR.apatirrvememsc^ 

Refeoieg to FIG. 5, a hghl beam passing through the snrfitcc faring the retide R, a negative mrmscus lens 
ulurniralion region 22 mrms a first Tn t erm^riia^ image g via having a concave 3udncc racing the reticle R, a convex lexis 
the rermctuag lens group-G^ and a hyubeam fern the first a cegative nwnisens leas having a convex snrfiice 

m te nnediato image 9 passes through a side surface of a 50 fitcmg the reticle R, a positive meniscus lens 1^ having a 
minor (ro be ref erxed to as i putial zmrror heremafier) 13 set convex surface faxing the reticle R, and a negative meniscus 
at an angle c^aln^ 45^ wim respect to an Cpt^ lens 1^, having a convex surface facmg the reH.de R_ The 

to cover the tower half portion of the ornical axs AX^ The ajjerturostcpfa is arranged near the FoiiE^teinsfinim plane' 
light beam is then reflected by a cafcrtfoprrw Ions group in me rc&actmg lens group G x (&, ix, at a plane pear the 
Gzfe) mcluding^a concave reflecting mirror Mi to form a 55 positive memsens lens 1^ on the reticle R. The aperture 
second intermediate imago 12 in fro at of the partial mirror stop 6b is arranged near the Fourier transform pfcq r in the 
13, Note that the caxadibptric lens group G^fj) mejudes a refracting lens group G z (fJ, ie^ a plane near the posffive 
rermcting lens m practice, as shown in FIG. 17. m^^* lens on the retide R. 

AHght beam ficom the second Intermediate image 12 is The -reduction ratio of the overall system is 2/4x» the 
reflected by Uwpartial inirror 13 to £c™ a reduced image of 60 numerical apenure (NA) on the water W sale ^nage side) 
a reticle patters on the water W on the image plane FZ via is 0.45, and the object height is 60 mm 
a reaae ffng lens group G,(f^ In addition, an aperture stop One type of optical glass consisting of fliscd quartz is used 
6a fa arranged near che pupil plane of the retracting lens tor all the re fr ac ting lenses. The system is corrected mr apnl 
group Gj^y, and an aperture stop 6b is arranged near the chrorn^ric aberration a *yj for chromatic aberration of mag- 
pupil plane of the iciracting lees group G^r^). « rrificahon with respect to a wavdength width of I nm in the 

HG, 7 is a plan view of the wafer W in HG- 5. As shown wavelength Q.93 cm) of an ultraviolet excinicr laser beam, 
tfl FIG. 5, the reduced image of the reticle pattern is In addition, spherical aberration, coma, astigmatism, and 
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distortion are corrected la mum an almost abemaon-fcee 
stil^ thereby realrnqg an optical system having *;mflmt 
imaging pedforrnanee, 

. cnmmro radii r^, plane distances and g jasa 



14 



QiCfJ-As alwnro fa HO. 9. an arcaated flw^tf— 
isgm 22A, on fte rstick R, whfchi dighay offish fa^ ^ 
opted ass of pKjectjoa optical system is flluiuuntei 
Scfenmg to FIG. 8, a light beam passing through tic 



S 0 ^ T ii^ 3 ^, e, ?Sf £ S? » fK3. 17 are 3 ittinnaa^n region 22A fai , r^S^ 
shown in Table 2. IaTable 2, tb= 34thpLu*: is a vinmlpkne pattern 0B J^posato wfSba 24Afe^ W<f in\Z^t 

x c^ptnc leas •group C^) mcfaidmg a concave reflecting 

i.mtocMj, a partial miner 13, and a refracting lets gromj 
20 WE^Ia this case, in order to expose ihe pattern on the 
entire siirfrcc of G^retickRon^ 



TABLE 2 



Ctas* 



Q 




Aim 1 




33 


-200-61 


5a 


T 




24-0 




34 ' 


m 


on 


2 


* 20<un 


3J0 




25 


124*83 


*1 


3 




. 




36 


2C0.63 


&5 EG, 


4 




37 


78J4 


195.8 


5 


-63L23 


£0 


EG* 


38 






6 


—187.74 


6j0 


39 


43C2J4 


iAa ssoj 
ao 


1 


-137-92 


36jQ 




40 




% 


-*SL94 


24a 


41 


1HJ3 




9 






so» 


« 


-167&43 . 




20 


-2WL33 


7-a 




43 


977 3Z 


2UJ SID, 


• U 


-29403 


30J1 




44 


10223 


12 




6*o 


45 


-968J54 


2&2 SO- 
304 


33 


17146 


33.4 




46 






87.39 


35J3 


47 


25158 




15 


-72.74 




so x 


48 


-352-71 


34 


16 


— V17-59 




49 


Z&&32 


18a SO, 


. 17 


29235 


36a 


so, 


50 


' 732J5 


27J 


18 


-177,49 


17JS 


51 




1<U SiO, 


IS 


-204.01 


^nq 


so* 


52 


-48ZJ6 


60J 


2D 


-437.05 


«7U3 


53 


-48LSJ 


247 SOj 


31 


-2T3LO 


27.0 




54 


^14239 


9^ 


22 


-16*83 


64J5 




5S 


' -92J1 


20J 5BO! 


23 


32&S9 


34J0 




56 


-133J5 




2* 


-73251 


2U 




57 


207-39 


24a sax 
1-5 


23 




. liUQ 




58 


-204sOt 


26 


-33509 


Tig 


59 


5036 


na so. 


27 


-527.23 


33JJ 


StOa 


m 


49H3 


sa 


28 




34 




61 


55.94 


27a saoj 


29 


93192 


24J 




62 


42Q49 


30 


1239.44 


1CS.D 




63 


39 Jl 


XL2 SlOj 


31 




195-3 




64 1 






2*> 


-78.74 


8J 











may be seamed to toe ngu (o r the le£ t) in syochranisin with 
the do wrrward (cr upward) scaimiag of ilse reticle R in FIG. 
9* 

15 In this embodimcni; a second irUcmrcdiale image 12 is 
fettned at the reflectiijs lens gioiqj 3ide of cbc panial minor 
13 and ia located between the refracting: lens sxmu GJfJS 
and the minor 13- * * 

nG. 23 shows the detailed lens arogemeat m the third 
20 erahodimenL 

As-shown in KG- 23* tne rcfracfag lens gmnp C,Cf,^ zs 
coirsrimted by in the fcllowwgc^r^trierct^ ^c a 
positive mcqfceus lens having 4 convex surtace 
me reticle R, a negative roxoi^ lens 1^ luvrng a c^S 
25 surtace racing the reticle R, a ncgatx^ mcrdsc^ lens L~ 
havrng a concave smfece facing the reccle P, a positive 
mj e ufaeiia lens I^, haviog a concave surface facing (he 
reticle &, a convex lens 1^ a negative m^nigfTis lens 
having a concave surtace {using ore re&cle R, a negative 
30 mrnrvm lens L^ 7 having a convex sagaca racmg oie 
B, a negative meniscus lens having a conczve snx&ce 
xacing the reticle R, a^couvex lens 1^ a positive m crnscaa 
•lens bavmg a concave surface facing the reticle R, a 
pc«rtrve m e nf^cn^ leas having a concave ■ei^ T fy ^ f*nj*g 
35 the reticle R, a convex lens a negative meniscus lens 
having a ccaicave surface tacing the eetidc R, a ncganve 
moaisciis lens having a concave smxace frdng the 
reticle R, and a positive Tnenfsnre lens having a convex 
surtace xacing the reticle R. The caiadinptdc lens' group 
40 tigfe) feconstituxed by a negative atem'sccs lensLp having 
a cooexve yirriifio farms ^ reticle R and the concave 
reflecting mmoy W 5 , 
A retracting lens group G 3 (£J 0 constituted by a positive 



HGS. 18 to 20 respectively ore lon^ndinal aberration 
charts in the seeond cmbofiimcat; FIG. IS shows a spherical 

ahciratiou of this emboirancni; Fia 15 shows an asngm*. mernscus lens havmg a concave surtace racing the 
hsm of th» tnabodiment; and HG. 20 shows a disturtioii. 43 rctidosnJe (partial rairrorlS), ^ coov«as lens 1^ a concave 
^tnici; FlG r 21 shows a rrta gmfinati o n chromatic aberration lens I*,, a positive meniscus to* having a concave 
chart in the ^ecoad eaho^mm. FIGS. 22(a), Z2(h) and surface £tdng the reticle R, a convex tens L*. a positive 
22(c) show transverse aberration charts in the second mnrfa pn bra T 3J hagfng a «^rfW ft^-T^ rh» t>h^ 
emb cdun c BL R, a neffOive rneniscus lens L^ 7 having a concave surface 

^ Although the seerarf cnibcdhnrnt erftmplmcs the scan- 20 f^^g the ottide R, a positive mcciscus lens L, a Iwmg 1 
iimg exposure apparatus, the present invention can be concave surface firing the retidc R, a ricganve nienrscus 
applied to a »projection exposure apparatus of a one-shot lens having a concave surtace U&xg the reticle R. a 
exposure methnd. positive meniscus lens having a convex feeing 

Third Ernhadimerit the retidc R, a convex lens 1^ a cemt^ 

Ihe thicd cmbty Hmtint j& a projection optical system 55 having % convejrsur&ce r ^gf n^ the reticle R, and a negative 
s ufobl c foe a pxojcctica expesnrs ^jpantcs of a scaranag wi^v^g r ^ h^wg a gefwmy mrfea ftr?^ g ^ 
exposure rnethed and hiving a magaificahnn of l/fet» A R, An aperture stup &a is arranged near Lhe Fonder tnnafcm 
partial rrtioror s» used in the third ^h"**"™-"* like in the plane in the refracting kns group GJf^ ie,» becween the 
second emhcdimcriL However, an off-axis tight ray father positive meniscus kns and the convex lens A 
Qtrset from the optical axis than in the second erra^drmcnt -60 portico near the Fewer trans&cn plane in the retracting 
oused m the third embo di m e n t , lens group Ga(4). the lens frame of the negative 

FIG. 8 shows the overall arrangement of the sftcnnd meniscus lens Ly?, serves as an aperture stop, 
embodiment. Ref cuing to FIG* 3 which indicates similar or He reduction ratio of the overall system is I/4x, the 
same parts with the same reference numerals as in FIG. 5, a numerical aperture (MA) on the water side (image side) is 
reticle 21 is placed on an object plane PI, and a wa&c W is 6J 05, and the object beaght is 60 mm* The width of the 
pUccd on an Image plane P2. FIG. 9 h a plane view showing bar-shaped exposure region 24A on the water W, shown in 
the reticle R when viewed in the direction of a refracting lens FIG- id, in the seaming direction h 4 mm- 
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One type of optical glass consisting of&sed quartz b used 
tor an the tefrwtmg bom The system » corrected Ibr axial 
chr omatw aberration and fer chromatic abennfon of mag- 
wficadon with respect to a wavelength widlhof lumxnthe 
Wavelength (193 nm) Of an ultraviolet excimcr laser beam. 
In addition, spteiical aberration, coma, asK gm-irf^ ^ 
cEstoruco are contend to attain an almost aberration-free 
state, ibwcby leafemg an optical system having excellent 
imaging performance, 

m The cumnzre rada tp plane dttfancBS and gUa mate- 
rials ttsed in the Unxd embodimcDl shown in FIG. 23 axe 
shnwnmTable^ In Table 3» me34th plane fc a virtnalplanc 
indicadng me reflecting sitrficcs of the concave ntftccang 
nxtaor Mj. 

TABLE3 



16 



ce mmnso f -Bctzval Sum p - and Tmamng Magrfficaiion 
p" COzzesponding to the total system 
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TABLE 6 








_Sm«ificai2Dfo of AM cmbrnfJ 


met* 
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A Pi «^ 


Pi 




(J 4 — 

-125.712 
<h — 


UlS 572 OJQgm 0031030 
30&02S -4102172 -&S2S191 
-in7Jffl0LO14SO -05239© 
"OJlOCQl^— 


-0*43355 034318 
-0.780075 

-0.751048 -a73KMa 
-O2S015 -O25015 



25 . Further; based oa Tabic 5 to Table S v values aze calculated 
fiar G>i+ftL% Pa, bi+P^+pJ, IP^ and |p| in each 
cmhoditi*nL and the fiolIovipyTahlc 9 shn** tfag «taiUt^ 



TABLE 7 



FIGS. 24 atod 25 respectively show ln"g><fi n al aberxa^ 
mm charts in the tmxd emcxadizoent; FIG. 24 dure an 
a.srTsm^rrTTn of this embomment; and FIG. 25 shows a 
distortam of this embodiment. Further, FIG. 26 shows a 
magnification abetxanoo chart in the second 

e mb o dime nt FIGS. 27(a). 27(5) and 27(d) show traverse 
abexatioa charts in ttw third exohodtaient 

Acconhng to the preseot invecubn, relanons (1) to (6) 
above are preferably *fltk*Mi The relationship between 
each of the above embodiments and the relations win be 
described below. Tables 4 to 6 respectively show the cur- 
vature rami x of the concave reflecting miner M lt focal 
kngt&s tg of lens groups G, p-1 to 3), Petrval sums p a 
im a ging magnifications P« magnifications $ Q of the syn- 
thetic syazems of the refcsctmg tew* groups Q l and ^ 
caudicpti^ ]ens group CL, and magnifications 0, of the 
refracting lens groups G 3 . Note thai each total system is 
represented by G^ and a Petzval sum p t and imaging 
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O00010 
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0.47409 


0,45007 
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153385 




0.733048 



An is apparem fiom the above tables, relations (1) to (d) 
given above are satisfied in each of me above emh orffff^t^ 
In each embodiment desedbed above, as the half rmicror; 
a compact mxcror eov^mg * naif portion of the optical axis 

S3 is used. However; as the half mirror, a partial ivflffirfng 
mirror constituted by a large glass plate and having a 
reflecting film formed on only one surface side of the optical' 
axis may be used. Alternatively, as the half mirror, a prism 
type beam splitter having a reflecting film formed on only, 

50 e^g^ the lower half portion of the joined surface serving &S 
a reflecting surface may be used. 

In each embodiment described above, quartz is used as a 
gbus wyitewal frf i refecting optical system However, 
optical glass such as fmoritc may be used. 

55 Next, an embodiment of a common exposure apparatus 
using the caiadzaptdc reduction proje ctio n optical system 5 



